Transarterial chemoembolization (TACE) is a widely used standard treatment for patients with hepatocellular carcinoma (HCC) who are not suitable candidates for curative treatments. The rationale for TACE is that intra-arterial chemotherapy using lipiodol and chemotherapeutic agents, followed by selective vascular embolization, results in a strong cytotoxic effect as well as ischemia (conventional TACE). Recently, drugeluting beads (DC Beads ® ) have been developed for transcatheter treatment of HCC to deliver higher doses of the chemotherapeutic agent and to prolong contact time with the tumor. DC Beads ® can actively sequester doxorubicin hydrochloride from solution and release it in a controlled sustained fashion. Treatment with DC Beads ® substantially reduced the amount of chemotherapeutic agent that reached the systemic circulation compared with conventional, lipiodol-based regimens, significantly reducing drug-related adverse events. In this article, we describe the treatment response, survival, and safety of TACE used with drugeluting beads for the treatment of HCC and discuss future therapeutic possibilities. Core tip: Drug eluting beads are relatively new embolic agents that allow sustained release of chemotherapeutic agents in a localized fashion to the tumor. The advantage of DC bead transarterial chemoembolization (TACE) is a better combined ischemic and cytotoxic effect locally and less system toxicity when compared with conventional TACE. 
INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common liver malignancy worldwide [1, 2] . Unlike other mali gnancies, the incidence and mortality rates of HCC will continue to increase through over the next 20 years in some countries [3, 4] . The incidence of HCC is influenced by major risk factors that include hepatitis B virus, hepatitis C virus, alcohol consumption and nonalcoholic steatohepatitis. The majority of patients with HCC present with advanced disease at the time of diagnosis and are not candidates for curative therapies such as surgery, transplantation, or radiofrequency ablation [5] . Transarterial chemoembolization (TACE) is the most commonly used as palliative treatment for patients with unresectable HCC [6, 7] . The principle of conventional TACE (cTACE) is the synergistic effect of cytotoxic chemotherapy and ischemia. Intraarterial chemotherapeutic agents mixed with lipiodol cause cytotoxic damage in tumor cells, and embolization of feeding vessels by gelatine or Gelform particles results in ischemia [8] . In a metaanalysis, Llovet et al [9] reported that TACE results in a significantly higher survival rate compared with best supportive care in wellselected cases.
From a pharmacokinetics perspective, for the best effect, higher doses of the intraarterial chemo therapeutic agent should be retained within the tumor. Furthermore, a chemotherapeutic drug that is released can reduce systemic side effects. Drugeluting beads had been developed with these objectives in mind [10] .
DC Beads
® (Biocompatibles, Surrey, United Kingdom)
can load and release doxorubicin hydrochloride in a controlled manner [11] . TACE used with beads loaded with doxorubicin (DEBDOX) induced significantly fewer drugrelated side effects compared with cTACE [10, 12] . Several studies have shown promising outcomes of TACE with DEBDOX for intermediatestage HCC, and this could be an alternative to cTACE. Here, we summarize recent results for the use of TACE with drugeluting beads in terms of the treatment response, survival, and adverse events and discuss future therapeutic possibilities.
TECHNICAL ASPECT AND CHARACTERISTICS OF DC BEADS
There is no standard method for conducting cTACE. The procedure involves local infusion of chemo therapeutic agents with selective embolization of the HCC feeding arteries; however, the selection of the chemotherapeutic agent contrast agent, and embolization material vary from center to center and country to country [13] . From a technical perspective, cTACE should be as selective as possible, and further standardization of cTACE protocols is needed [14] .
Inconsistency with using the technique is the major obstacle to standardization of the cTACE procedure. Potentially, TACE with DEBDOX could maintain sufficient consistency and repeatability during the procedure to allow its use as a standard treatment for HCC. DC Beads are hydrogel microspheres that are biocompatible, hydrophilic, nonresorbable, precisely calibrated, and capable of loading chemotherapeutic agents. DC Beads are produced from a polyvinyl alcohol hydrogel that has been modified with sulfonate groups for the controlled loading and delivery of chemotherapeutic drugs, such as doxorubicin and irinotecan [11, 15] . Positively charged doxorubicin HCl is drawn to the negatively charged sulfonate groups of the DC beads spheres by an ionexchange mechanism. After mixing the doxorubicin, DC beads suspension, and contrast agent, only 0.2% of the doxorubicin remains free in the systemic circulation. The low rate of doxorubicin release could minimize the systemic side effects of TACE with DEBDOX compared with cTACE [12, 16] . The doxorubicin is gradually sequestered inside the tumor because the drug dissociates from the DC beads only under specific ionic circumstances such as those found in tumor cells.
DOXORUBICIN LOADING AND PLANNED

DOSING
DC Beads microspheres are packaged in 2 mL vials of hydrated beads in sodium phosphate solution. Each vial can be loaded with 5075 mg doxorubicin. The maximum dose for a single treatment has been set at 150 mg, based on a study showing that this was the maximum dose for systemic infusion of doxorubicin [10] . The dose of doxorubicin should depend on the tumor burden. However, absolute recommendations are difficult to determine due to individual patient and tumorrelated factors. Expert consensus hold that the doxorubicin dose should be varied based on the tumor status defined by the Milan criteria for liver transplantation (a solitary tumor ≤ 5 cm or a maximum of three tumors all ≤ 3 cm) [14] . For limited disease (within the Milan criteria), the treatment strategy needs to include escalation of the doxorubicin dose up to 75 mg per single TACE. For advanced disease (exceeding the Milan criteria), the doxorubicin dose could be increased to a maximum of 150 mg [14, 17] .
SELECTION OF THE BEADS DIAMETER
The DC Beads come in four sizes: 100300, 300500, 500700, and 700900 μm. HCC with an arteriovenous shunt (AV) confers an increased risk of pulmonary complications during TACE [18] . Therefore, the bead size should be chosen carefully, especially for patients with an AV shunt.
Histological analysis of HCC explants treated with DC Beads showed that 100300 μm beads are distributed both within and at the periphery of the tumor [19] . Lewis et al [13] showed that 100300 μm beads triggered broad necrosis of the tumor and adjacent peritumoral hepatic tissue without causing vasculopathy or inflammation [20] .
As shown in Figure 1 , the cytotoxic agent and ischemia induce profound liquefaction and necrosis of the tumor.
In comparison, DC Beads with larger diameters (700900 μm)
induce limited necrosis compared with smaller beads [21] . Beads with smaller diameters can be delivered to distal vessels where they obstruct collateral channels, while, larger beads occlude more proximal vessels, allowing blood to be supplied to the tumor via collateral vessels, which are not occluded by the beads [17] . Recently, the diameters of drugeluting microspheres are smaller than that of DC Beads are introduced in some studies [2224] . The diameter of each microsphere is as follows: HepaSphere; 3060 μm [22] , M1 DC Beads; 70150 μm [23] , TANDEM; 40100 μm [24] , respectively. In terms of liver toxicity, the DC Beads group did not differ significantly from the cTACE group (P > 0.05) [29] . This lack of significance may be ascribable to the heterogeneous ethnicities of the patient population and various etiologies of the underlying liver disease. This suggests the importance of strict patient selection with considerate and delicate angiographic techniques when conducting TACE.
However, these significant improvements in treatment responses of DC Beads TACE as compared to those of cTACE were not proven in other studies. In two randomized controlled trials (RCTs), Golfieri et al [30] reported treatment response of 177 HCC patients involving 89 in DC Beads TACE and 88 in cTACE. OR rates at 3 mo showed 74.7% and 74.1% for DC Beads TACE and cTACE, respectively (P > 0.999). Also, Sacco et al [31] showed statistically insignificant differences in CR and PR rates at 1 mo between DC Beads TACE and cTACE (51.5% and 48.5% vs 70.6% and 29.4%, respectively, P = 0.1). Facciorusso et al [32] reported single center study with early/intermediate HCC patients (n = 249). In this study, cTACE showed better tumor response and time to progression (TTP). OR rates were 85.3% in cTACE and 74.8% in DC Beads TACE (P = 0.039), and median TTP were 17 mo in cTACE and 11 mo in DC Beads TACE, respectively (P < 0.001).
Prajapati et al [33] reported the safety and efficacy of DC Beads TACE in 121 patients with advanced HCC whose median OS was 13.5 mo. DC Beads TACE was associated with a favorable prognosis, especially in those without portal vein thrombosis (PVT) and metastasis (28.9%) compared with those with PVT and metastasis (9.9%) within the ChildPugh A group (median survival 18.8 mo vs 4.4 mo, P = 0.001).
Moreover, the few minor adverse events associated with the treatment imply that DC Beads TACE is an alternative treatment strategy with advanced disease. Nevertheless, prospective studies involving more cases are needed to evaluate the efficacy and safety of TACE used drugeluting beads in BCLC C patients. Han et al [34] performed a metaanalysis of three RCTs and two casecontrol studies. Their metaanalysis included DC Beads TACE and cTACE groups comprising 217 and 237 patients, respectively. The results showed that DC Beads TACE tended to have better results in terms of disease control, although the difference was not significant.
CLINICAL IMPACT OF MICROSPHERES WITH SMALLER DIAMETERS
As mentioned above, several beads with smaller diameters were introduced in recent studies. Malagari et al [22] performed study with HepaSphere. HepaSphere 3060 μm is a microsphere that has a dry caliber of 3060 μm that expands to 145213 (148 ± 45) μm after loading with doxorubicin [35] . In this report,
INDICATIONS
The indications for DC Beads use with TACE (DC Beads TACE) are similar to those for cTACE. DC Beads TACE may be a better option, particularly in patients with more advanced liver disease (ChildPugh B, Eastern Cooperative Oncology Group (ECOG) 2, Barcelona Clinic Liver Cancer (BCLC) C, bilobar, or recurrent disease) or patients with mild to moderate cardiac failure [25] .
RESPONSE TO DC BEADS TACE
Varela et al [10] reported a 75% overall response rate to TACE with DEBDOX in a phase Ⅰ/Ⅱ clinical trial that included tumors with a mean diameter of 4.6 cm, and the majority of patients were Okuda Ⅰ (Okuda Ⅰ/Ⅱ: 26/1). In another study, Malagari et al [16] reported a complete response (CR) was accomplished in 15.5% of 71 patients (mean tumor size 6.2 cm) who underwent DC Beads TACE. Furthermore, a 66.2%85.5% ob jective response (OR) rate was achieved after an additional four cycles of treatment in the same study group. Poon et al [12] reported the treatment responses of patients with multiple larger HCCs, in whom the mean number of tumors was 3 ± 3, the maximum tumor size was 7.6 ± 4.8 cm, and the summed tumor size was 10.0 ± 5.8 cm. While treatment response rates of 16%35% have been reported in past cTACE studies [26, 27] , a favorable treatment response was seen in this larger HCC group; the OR rate 1 mo after DC Beads TACE was 70% [CR = 6.7%; partial response (PR) 63.3%] using the modified Response Evaluation Criteria in Solid Tumors [12] . The PRECISION V prospective clinical trial reported a 6mo OR rate of 52%, which is comparable to the rates of 44%82% seen in previous phase Ⅰ/Ⅱ studies [24] . Although statistical significance was not achieved in terms of superior OR rates for DC Beads TACE over cTACE, the formed seemed to be associated with higher response rates in terms of CR, OR, and disease control. Moreover, DC Beads proved to be effective in those with advanced disease as shown by the improved treatment response and disease control with acceptable safety profiles. This may provide a niche for those with poorer conditions, such as patients with ChildPugh B and ECOG 1 disease, for whom the effect of conventional treatment has been minimal.
In an Asian casecontrol study, Song et al [28] reported that larger tumors (> 5 cm) or multiple HCCs showed a better treatment response to DC Beads TACE than to cTACE. Another comparative study showed that the OR rate of the DC Beads group was significantly better than that of the cTACE group (81.6% vs 49.2%, P < 0.001). A subgroup analysis confirmed that intermediate-stage HCC had a significantly higher OR and time to progression when treated with DC Beads TACE compared with cTACE (75.7% vs 34.1%, P < 0.001; 11.7 vs 7.6 mo, P = 0.018, respectively).
HepaSphere 3060 μm showed 68.9% of OR without serious adverse events. Spreafico et al [23] performed study using TACE with M1 DC bead for HCC patients who were not indicated to resection or ablation (n = 45). M1 DC bead is newly developed DC bead with diameter of 70150 μm. In this study, 77.7% of patients obtained OR (CR in 33.3%) and, 78% of tumor nodules achieved OR (CR in 42%). Thirteen patients (29%) underwent surgery after achieving successful tumor downstaging by TACE with M1. (Liver transplantation = 13, Major hepatectomy = 1). Adverse events occurred in limited cases, most of which were insignificant clinical outcomes (grade 1/2). Malagari et al [24] reported study with TANDEM microsphere. TANDEM is precisely calibrated micro spheres that diameters with 40, 75, and 100 μm were used in this study. Fiftyone HCC patients who were not amenable to curative therapy were enrolled in this study (mean diameter of the tumors; 7.28 ± 2.09 cm). 
EVALUATING THE TREATMENT RESPONSE TO DC BEADS TACE
To evaluate the response to cTACE, liver dynamic computed tomography (CT) should be performed 4 wk after therapy to determine the future treatment plan [36] . Especially, the treatment response to DC Beads TACE can be evaluated more definitely than can that to cTACE, in which incomplete lipiodol uptake causes difficulty with evaluating the treatment response ( Figure 2 ) [37] . Chung et al [37] reported that the enhancement patterns of HCC after TACE used with beads could be useful for determining the prognosis. They ana lyzed images of the arterial phase of dynamic liver CT 1 mo after TACE with beads and categorized the enhancement patterns as no enhancement, peri pheral ring enhancement, or peripheral nodulelike enhancement. Peripheral nodulelike enhancements suggest disease progression, while no enhancement or peripheral ring enhancements indicated a CR. Golowa et al [38] showed that DEBDOX mixed with contrast medim helps demonstrates the precise dis tribution and uptake of the chemotherapeutic agent without disrupting the treatment response evaluation. The contrast medium enabled visualization of the treated tumor due to the increased attenuation, similar to that of lipiodol. Unlike lipiodol, however, the contrast medium was not retained within the tumor. Noncontrast CT immediately after TACE was helpful to evaluate the treatment response.
SURVIVAL
Malagari et al [39] reported a 5year survival analysis of patients treated with DC Beads TACE. The mean OS was 43.8 (range 1.264.8) mo, and the OS rates at 1, 3, and 5 years were 93.6%, 62%, and 22.5%, respectively. With respect to the ChildPugh class, the 5years OS, rate was higher for Child class A than Child class B (29.4% vs 12.8%). For DC Beads TACE, the number of lesions, lesion vascularity, and local response were significant independent determinants of 5year survival. Burret et al [40] reported the survival of 104 patients with HCC treated with DC Beads TACE. The median survival was 48.6 mo. The OS rates at 1, 3, and 5 years were 89.9%, 66.3%, and 38.3%, respectively. According to the BCLC stage, the median survival and OS rates at 1, 3, and 5 years for patients with earlystage disease was 54.2 mo and 89.7%, 67.8%, 33.9%, respectively, versus 47.7 mo and 88.2%, 64.4%, and 39.4%, respectively, for patients with intermediatestage disease. This study reported better survival rates with DC Beads than with cTACE. Song et al [29] compared prognostic factors that affected survival rates in patients with HCC treated with DC Beads TACE (n = 60) vs cTACE (n = 69). DC Beads TACE was a significant independent factor associated with better survival (P = 0.037). Moreover, the alphafetoprotein level and BCLC stage were significant predictors of superior patient survival. These results suggest that the use of DEBDOX is related to a favorable outcome in patients with unresectable HCC. However, the survival benefits of DC Beads TACE over cTACE remain controversial. Recchia et al [41] reported retrospective study that included 35 patients of DEBTACE and 70 patients of cTACE. There was no statistically significant difference in median OS between cTACE and DEBTACE (11.4 mo vs 18.4 mo, respectively). Facciorusso et al [32] also reported that median survival of early/intermediate stage HCC patients (n = 249) between cTACE and DC Beads TACE showed insignificant differences (39 mo vs 32 mo, respectively, P = 0.1). In two RCTs, Golfieri et al [30] reported the 2 year survival rates between DC Beads TACE and cTACE (56.8% vs 55.4%, respectively, P = 0.949) of 117 HCC patients. Sacco et al [31] also showed that estimated 2year cumulative survival rates were statistically insignificant between DC Beads TACE and cTACE (86.8% vs 83.6%, respectively, P = 0.96). Furthermore, Facciorusso et al [42] reported metaanalysis consisted of four RCTs and 8 observational studies with 1449 patients who underwent 689 DC Beads TACE and 760 cTACE. In this study, statistically insignificant trends in favor of DC Beads TACE were observed for 3year survival rates.
SAFETY AND COMPLICATIONS
The complications reported with DC Beads include pleural effusion, gastric ulcer bleeding, cholecystitis, and abscess formation, with the prevalence ranging from 4.2% to 11.4% [10, 12, 16, 43] . These complication rates are comparable to those of cTACE. However, it is noteworthy that no systemic complicates associated with doxorubicin have been reported in the clinical studies performed so far. Guiu et al [44] reported that biloma and liver infarct were independently related to DEBTACE (OR = 9.78, P = 0.002) (Figure 3 ). Interestingly, a noncirrhotic underlying liver was a strong independent risk factor for developing biloma and liver infarct (OR = 8.125, P = 0.04). The role of a hypertrophied peribiliary plexus as a portoarterial shunt may account for the association observed in this study [45] . These changes seen in the cirrhotic liver reinforce collateral formation, Nam HC et al . TACE with drug-eluting beads in HCC which prevents further ischemic and chemical injury in the bile ducts.
Systemic complications related to doxorubicin include neurological injury, pulmonary edema, bone marrow suppression, and gastrointestinal problem (nausea and vomiting). Especially, dosedependent cardiomyopathy (adriamycininduced congestive heart failure) limits its longterm use. Advanced age and left ventricular dysfunction increase the risk of this complication. At a cumulative doxorubicin dose exceeding 450 mg/m 2 , it is important to monitor for this highrisk of cardiovascular complication [46] . It is worth noting that no doxorubicinrelated systemic complications have been observed in clinical studies of DC Beads TACE performed to date.
ASSESSMENT OF COST EFFECTIVENESS
Cucchetti et al [47] investigated the cost effectiveness of DC Beads TACE. In metaanalysis, patients with cTACE experienced significantly frequent post-TACE syndrome (P = 0.018) and longer hospitalization (P = 0.01). DC Beads TACE earned 4.0 qualityadjusted lifeyears (QALYs) while cTACE earned 3.3 QALYs. Total costs of DC Beads TACE were € 11656 and those of cTACE were € 10389. DC Beads TACE spent higher costs than cTACE, but, higher QALYs were achieved from the treatment. Expected costeffectiveness for DC Beads TACE was € 3089/QALY and that of cTACE was € 3246/ QALY. Improvement of quality of life could be attained by DC Beads TACE with modest increment of costs.
CONCLUSION
Intermediate and advancedstage HCCs remain a challenging to physicians and interventional radio logists because of suboptimal tumor control and frequent relapse even after inducing complete tumor necrosis using a catheterbased approach. The potent anticancer effect of drugeluting beads administered through the hepatic arteries might complement standard therapeutic modalities [34, 48] . DC Beads are relatively new embolic agents that allow sustained release of chemotherapeutic agents and minimize systemic side effects. The advantages of DC Beads TACE are better synergistic effects with embolization and cytotoxic effects and minimized system toxicity compared with cTACE. Especially, regarding the treatment results for unresectable single tumors or multiple tumors (intermediate stage), Child B class, and recurrent HCC, TACE used with drugeluting Beads resulted in a better treatment response rate than did cTACE. However, cTACE may provide better outcomes than those of DEBDOX TACE, when superselective embolization of the small feeding vessels is possible.
The biliary damage caused by DC Beads TACE should be weighed against their use in selected patients. A more careful therapeutic approach to prevent of biloma or liver infarct development is needed in patients with an underlying noncirrhotic liver. For effective TACE with DEBDOX, the duration, distribution, and dosage of the drug delivered to the tumor and surrounding nontumor tissue are most important [19] . We must consider the doxorubicin dose, diameter of the DC Beads and tumor vascularity required for the optimal treatment response before performing TACE with DEBDOX.
DC Beads TACE may provide improved survival rates and quality of life to some extent as compared to cTACE [32, 41, 47, 49] . However, several RCTs and meta analysis do not demonstrate significant survival advantages of DC Beads TACE [30, 31, 42] . Because of relatively small numbers of prospective randomized trials, further investigations with well designed, large scaled, comparative studies searching for the long term survival are necessary. DC Beads TACE seemed to afford better costeffectiveness than cTACE [47] .
However, previous studies were based on various conditions involving different countries and institutes in terms of costs, clinical circumstances, and technical procedures. Study with standardized technical pro tocols and performances will be needed to validate the costeffectiveness of DC Beads TACE. Indeed, it remains inconclusive as to the superiority of DC Beads TACE over cTACE. Decision to performing DC Beads TACE or cTACE needs to be tailored in each individual patient depending on his or her economic status, physician's experiences, and expertise of institute. Future studies are warranted to determine the appropriate indications of DC Beads TACE.
